We determined the complete nucleotide sequence of the toxB gene (375 base pairs in length), which encodes the B subunit of heat-labile enterotoxin produced from Escherichia coli pathogenic for humans (hLT). The amino acid sequence of the B subunit of hLT was deduced from the nucleotide sequence. Consequently, it has become possible to study the homology between the B subunits of three similar toxins: hLT, LT produced from E. coli pathogenic for piglets (pLT), and cholera toxin (the latter two sequences have been reported by others). The three B subunits are all 103 amino acids in length. A comparison of the toxB gene and the eltB gene, which encodes the B subunit of pLT, showed a 98% homology at the nucleotide level and a 95% homology at the amino acid (of a precursor) level, indicating the possibility that the two genes share a common ancestor. With respect to the B-subunit sequences, the homologies between hLT and pLT, between hLT and cholera toxin, and between pLT and cholera toxin were %, 81, and 79%o, respectively. Several large common sequences are conserved by the three peptides. In contrast, no sequences are present in both pLT and cholera toxin but missing in hLT.
Heat-labile enterotoxins of Escherichia coli pathogenic for humans (hLT) and piglets (pLT) and of Vibrio cholerae (cholera toxin) are similar toxins. The three holotoxins have a similar subunit composition: they consist of one molecule of A subunit and five molecules of B subunit (3, 8) . The three toxins also share a similar mode of action: B subunit binds to the receptor (GM1 ganglioside) of the target cells, and then A subunit stimulates the cellular adenylate cyclase-cyclic AMP system, resulting in diarrhea in the intestine (6, 9, 11, 15, 18) . The biological activities of the three toxins can be assayed by using the same tissue-cultured cell lines (10) .
Immunological studies have shown that each toxin has a unique antigenic determinant(s), in addition to antigenic determinants common to the three toxins (2-4, 7, 12) . Furthermore, it has been shown that the isoelectric points of the three toxins differ (20) .
The gene encoding the B subunit of pLT (eltB) has been sequenced, and the deduced amino acid sequence of the B subunit has been compared with the amino acid sequence of the purified B subunit of cholera toxin, suggesting an extensive homology between the two sequences (5) . In preceding experiments, we have determined the NH2-terminal sequence of the gene encoding the B subunit of hLT (toxB) and shown that hLT, pLT, and cholera toxin are not identical with respect to the B-subunit sequences at the NH2 terminus (21) . In this communication, we determined the complete nucleotide sequence of the toxB gene, and the amino acid sequence of the B subunit was deduced from the nucleotide seqeuence. Thus, it has now become possible to directly compare the primary structures of the B subunits of hLT, pLT, and cholera toxin. We also determined the nucleotide sequence of a region downstream from the toxB gene of the hLT operon.
MATERIALS AND (14) . For sequence analysis, 20 and 15% polyacrylamide-7 M urea slab gels were used. After electrophoresis, the gels were directly overlaid on Kodak X-ray film (XAR-5).
RESULTS AND DISCUSSION Nucleide sequence. The structure of the hLT operon of enterotoxigenic E. coli H10407 (21) (22) (23) 26 ) is summarized in Fig. 1 : the hLT operon consists of at least two genes (toxA encoding the A subunit and toxB encoding the B subunit) and is presumably transcribed as a single mRNA. The DNA region necessary for hLT production can be cloned as a 2.4-kilobase HindlIl fragment (Ha-Hc in Fig. 1) (26) . In this study, we determined the sequence of the EcoRI-HindIII (Hc) region (585 base pairs in length), in which the toxB gene and a further downstream region lie. Approximately 85% of the 5'-3' strand and 90o of the 3'-5' strand of the EcoRI-HindIII (Hc) region were sequenced (Fig. 1) . The sequence data obtained are shown in Fig. 2 .
The toxB gene and comparison with gene of the pLT operon. In earlier experiments, we determined the toxB sequence at the NH2 terminus, using amino acid sequence data with purified mature B subunit (21) . Present nucleotide sequence data allow us to determine the entire toxB sequence (Fig. 2) . The toxB gene is 375 base pairs in length and has a relatively tow guanine plus cytosine content (37 mol%).
Since the nucleotide sequence of the B-subunit gene (eltB) of the pLT operon has been reported (5), a comparison of the sequences of the two B-subunit genes is possible ( Table 1) . The two genes are the same length and differ only by eight bases (one more base change remains uncertain; Table 1 ). We speculate that the two B-subunit genes (toxB and eltB) have a common ancestor. The occurrence of the base changes is, in (at least) three cases, at the first position; in another three cases, at the second position; and in two cases, at the third position of each threeletter codon.
B subunit of hLT and comparison with B subunits of pLT and cholera toxin. The amino acid sequence of the toxB product (precursor to the B subunit, pre-B subunit) was deduced from the nucleotide sequence (Fig. 2) . The pre-B subunit is 124 amino acids in length. The signal peptide region (21 amino acids in length) of the pre-B subunit probably plays a role in the secretion of the B subunit region (103 amino acids in length) through the bacterial inner membrane as discussed previously (21, 24) .
When a comparison is made between the two pre-B subunits of hLT and pLT, six amino acid changes are found: two in the signal peptide region, confirming previous results (21) , and four in the mature peptide region (Table 1) . It shows a 95% homology, only slightly lower than that at the nucleotide level (98%).
The B subunits of hLT (11, 721) and pLT (11,780; 5) are very similar in calculated molecu- Map of the toxA-toxB region and strategy used to determine the nucleotide sequence. A and B represent the toxA gene encoding the A subunit of hLT and the toxB gene encoding the B subunit of hLT, respectively. The structure of the hLT operon has been described previously (21) (22) (23) 26 (21, 22) ; the last two codons of the toxA gene (TTA TGA) overlap the first two codons of the toxB gene (ATC AAT) in the sequence TTATGAAT (22) . The proposed ShineDelgano sequence for the toxB gene is described elsewhere (22) . The nucleotide sequence is numbered from the EcoRI site sequence (1) . The numbers -1 to -21 indicate the amino acids of the signal sequence. Amino acid 1 (Ala) marks the beginning of the 103-amino-acid B subunit of hLT. The restriction sites indicated are only those used for the end-labeling (Fig. 1) . lar weight. Also, both the hLT and pLT B subunits are slightly larger in calculated molecular weight than the B subunit of cholera toxin (11,590; 13). Lys aThe sequences of the eltB gene encodig the B subunit of pLT and of the pre-pLT B subunit are from reference 5. The numbers of the bases and amino acids are those used in Fig. 2 . The nuclootides that differ between the toxB and cltB genes are underlined.
The assignment of the base (C) of the eltB gene remains uncertain (5) . Comparison of the amino acid sequences of the B subunits of hLT, pLT, and cholera toxin. The amino acids are numbered from the NH2 terminus (1) . A indicates the amino acid residues that differ between the B subunits of hLT and pLT. The amino acid sequences of the B subunits of pLT and cholera toxin are from references 5 and 13, respectively. In the case of hLT and pLT, only the amino acids that differ from those of cholera toxin are indicated. CT, Cholera toxin. length. Some of those common sequences must be responsible for the antigenic determinants common to the three subunits.
hLT, pLT, and cholera toxin have been shown to have an antigenic determinant(s) unique to each toxin (4, 7, 12 ) that lies on the B subunit of each toxin (3). Recently, Takeda et al. proposed an antigenic scheme for the three toxins-hLT, pLT, and cholera toxin (19a) . In their experiments, they confirmed (in addition to the above antigenic determinants) (i) an antigenic determinant present in hLT and cholera toxin but missing in pLT and (ii) an antigenic determinant present in hLT and pLT but missing in cholera toxin. A comparison of the amino acid sequences shown in Fig. 3 (Fig. 3) , should play a role in the function(s) of the B subunits of hLT and cholera toxin in the human intestine.
Translational coupling in toxA-toxB region. The subunit arrangement of the holotoxins is A1:B5 (3, 8) . Also, the B subunit is probably produced more efficiently (1.4 to 2.2 mol excess) from the hLT operon than is the A subunit (22, 23) . This may be accounted for, in part, by translational coupling (16) in the toxA-toxB region. Since the toxA gene overlaps the toxB gene by four nucleotides in such a way that the toxA stop codon (TGA) shares the two common nucleotides with the toxB start codon (ATG) ( Fig.   2; 22) , the same ribosome may translate the two contiguous cistrons (toxA and toxB), as reported with E. coli trp genes (16, 17) . Furthermore, the proposed Shine-Dalgano sequence for the toxB gene ( Fig. 2; 22) or a secondary structure of the mRNA, such as a stem-and-loop structure constructed by the sequences of dyad symmetry (inverted repeat sequence) at positions 21-30 and 38-46 (Fig. 2) , or both may create circumstances which allow the toxB cistron to be translated more efficiently than the toxA cistron.
End of the hLT operon. A region of dyad symmetry (i.e., an inverted repeat sequence) is the most striking feature of transcription termination site sequences (1, 19) . Figure 4 shows possible segments of dyad symmetry in the region preceded by the toxB translation stop codon at position 388-390. If a region of dyad symmetry plays a role in the transcription termination of the hLT operon, two possible regions are pointed out as a transcription terminator: (i) a region at position 393-416, which is located adjacent to the stop codon of the toxB gene; and (ii) a region at position 515-548, which can make the most prominent stem-and-loop structure. A guanine/cytosine-rich region (position 535-542) is followed by a T-rich region (position 543-546), which may match the common features of the rho-independent transcription termination signals (1, 19) . This region is located very far from the end of the toxB gene. However, a third gene may be assigned between the toxB end and the largest region of dyad symmetry; this possible gene starts at the ATG codon (position 405-407) and ends at the stop codon (position 510-512) and may produce a peptide of 35 amino acids in length. With the transcription of the hLT operon, a third possibility is that the transcription extends beyond the HindIII site (Hc in Fig. 1) ; no open frames lie over the HindIII site (Hc).
